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ABSTRACT, 
‘We wil present details and initial lb test results om an inte 
sated bioanalytical microsystem designed t conduct the fist, 
biology experiments beyond low Earth orbit (LEO) since 
Apollo 17 (1972), The M4-kg, 12x2437-cm BioSentine! 
Sspacoerat (Figure 1) assays radiation-esponsive yeast iis 
Science payload by. measuring DNA double-strand. breaks 
(DSBs) repiced via homologous recombination, a mechanism 
‘common fo all eukaryotes including humans.” S. cerevisiae 
(rewer's yeast) in 288 microwells are provided with nutint 
and optically assayed for growth and metabolism via 3-<olor 
absorptimetry monthly during the 18-month mission. BioSen 
tine is one of several secondary payloads to be deployed by 
NASA's Exploration Mission | (EM-I) launch vehicle into 
“0195 AU heliocentric ori in July 2018; twill communicate 
‘with Earth from up to 100 milion km, 








MOTIVATION & BACKGROUND 
For life to live and thrive beyond low Earth obit equies un 
derstnding and managing multiple unigue perturbations. 
While the Intemational Space Station and other orbiting 
spacocrft provide reduced-gravity environments, the complex 
radiation environment of interplanctary space, compising 
‘many particle types, each with is own energy spectrum, snot 
reproduced by any terestal or orbital facility. Full radiation 
fesponse characterization necessitates chronic exposure and 
‘monitoring of lve biology beyond Farh’s magnetosphere. 

‘Small autonomous satlites, called nanostellies or cu 
esas, simultaneously reduce cost and increase accessibility 
for space-scence experiment [I]. Leveraging and integrating 
advances in nano- micro, and miniature technologies in fields 
from biotechnology to microfuiies to telecommunicatons, 
smal satellites are being developed by over 100 universities, 
‘numerous small ventures, large aerospace companies, multiple 
developing nations, and all major space agencies.” Despite 
{heir diminutive siz, they support complex science (1-3. By 
coupling autonomy and telemetry in these space “ice fers, 
near-real-time experimental dita are provided from environ 
‘ments that may be challenging or costly for human missions 
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EXPERIMENT, DESIGN, & INITIAL RESULTS 
BioSentine!'s “canary in the coal mine’ strategy assesses 
health risk for long-duration human missions beyond LEO. 
using mierowell arays to monitor DNA DSBirepaie in tree 
Strains of 5. cerevisiae: wildype (conto), a mutant stain 
sensitized to radiation; an engineered stain that repos re 
paired DSBs via growth, 

Figure ? shows one of BioSentind"s 18 microuidie 
niniards", fabricated by precision machining, lser’blade 
cutting, and lamination ‘with pressue-sensitive adhesive 

















“Track-etched” translucent polycarbonate membranes provide 
crostllfiee monolithic iletiutletfitation, confining yeast 
to microwells while permiting light transmission measure 

Figure 3, a cross-section of a single Mudie wel, shows 
the optical measurement and thermal control. components, 
‘Thre surface-mount LEDs provide illumination ($701630'850 
1am in Sequence} absorbances ae calculated from ineasty-to 
Frequency light sensors (ams/TAOS). Minicard cover layers 
are opical-quality, permeation resistant ply(cycloaletin) 

‘One VosvellMuidie minicard is activated monthly during 
the 15-year mission to quantify accumulated DNA DSBs and 
other radiation damage. S eevevsie, air-dried before launch 
‘onto microwell walls, grows upon pel ling with 49:1 mix 
ture of growth medium and indicator dye (alamar blu), which 
changes blue->pink-> colorless duet cellular metabolism (2. 

ing and metering are accomplished by a miniature pers 
tie pump (Takasago) and 3-way solenoid valves (Lee). 

Figure 4 shows biological growth and metabolism results 
fiom lab testing of a Might prototype of the integrated op 
calflidithermalbioanalytical syste, 

[Besides its bioanalytical microsystem, BioSeatne! in 
cludes two physical radiation sensors (Figure 5) 10 measure 
‘otal ionizing dose and linear energy transfer. The later 
measures energy deposited by each particle per unit length 
traversed and thus defines its potential 1 cause (biological) 
damage 














CONCLUSIONS 
Directly” studying biology’s response to the interplanetary 
space radiation envionment his been impractical absent cosy 
‘human beyond-LEO missions. Robust, autonomous bioanalyt 
eal microsystems compatible with small satellites are poised 
to change this. BioSeninel is supported by NASA's Ad: 
vanced Exploration Systems division 
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Figure 1 BioSentine! spacer views: exploded (ef) and assembled (upper 
igh Solar pels (738 3) are pointed toward Be sun by the nee 
Fatipation Contra! (GNAO) soy, which nludes sar nacker GRC wat 


‘te pont hole of rad antenna at Earth 
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Figure 2 Esploded (ef) and sscmbled (upper right vies ofthe mero 
le mtaicard with idepral thermal contol end optical measurement compo 
‘en Bottom right: photo of 4 anetonal provte Mie minicar 1 


‘ell cote Rama Hoe and one wel contains the sie de that has ree 
lak det east metabolic ctv: (For gel cress sections, se Fig 3) 
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Figure 3 Top: Cross section of oe lic vel (100) with ine 
‘al iter emibvanes and coonecting mierochannels. Dried veast on 
Sail grow and bud when medion ti tntrodaced te spaceflight, di 
Dlacig ai trough porous membrane Tie surface-mount LEDS 
pe wel wit fle difiser provide green. red and nei 
Iration tr monitor metabolic activi and rack eas! growth 
‘eoat wes the detector at bottom ofeach well. Patlerd meta-on 
Sptom heaters wih AU uhormal spreaders mainainsoiform. stable 
row temperature (20°81 °C). Ronan Nine die mincunde 
Su be ita and manifold wopethor Yor lho such et) 
(288 well) il be lncladed the bts pad ontaocr a ig 














Figure 4. Growin cures (eft) recorded using spaceflight op 
alflidicthermal prototype (ghd for wildyne 1D) 8. cerevisise 
‘wh added alamar tue (lef Sabot) and elise contre fapen 
Stmboly): LED walonphs as indicated. Green ahorhance incre 
SFE pink color appears, thon decreate ax pk Jade, Red abort 
‘ance decreases abe dve tars ink. then increases de to cell pop 
tlaon growth, Near absorbance, unafected by al forms of the 
‘he, backs cell popadaion 





Figure S. Physical sensor for wal lonzing dae lef. Teledyne DOSOOL) and Unear energy transfer (comer, Times chip, being implemented a LET 
Senor tte by Jahon Space Center Aadvorks Group. Typ daa ease fh) from LET senor shone spot or buck per highenerpariele 





inpacs nats ofeach spatrack provides the associated LET of ha hen Cleef price event, bined by LET, wl be recorded hourly space 


